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I. INTRODUCTION
Recent changes in China's financial system and the greater use of market-based signals for macroeconomic management pose challenges for the conduct of monetary policy. In particular, the gradual movement toward a more flexible exchange rate regime, ongoing interest rate liberalization, and the rapid development of capital markets have substantially changed the environment in which monetary policy operates. These changes may have a potentially large impact on the broad money demand, since they could raise the opportunity costs or provide some alternative assets for holding money. The latter phenomenon also might involve asset substitution between domestic and foreign currencies, as well as between monetary and nonmonetary assets.
The question of whether the money demand function is "stable" is one of the most important recurring issues in the theory and application of macroeconomic policy. What is being sought in a stable demand function is a set of necessary conditions for money to exert a predictable influence on the economy so that the central bank's control of the money supply can be a useful instrument of economic policy (see Judd and Scadding (1982) ). Recent evidence suggests the money demand function in a number of highly industrialized and emerging market economies has become less stable.
Traditionally, the People's Bank of China (PBC), the country's central bank, has set an annual target for broad money (M2) growth. 2 In doing so, a money demand function was estimated that included annual projected growth in gross domestic product (GDP) and changes in consumer prices. Most of the time, however, M2 growth in China exceeded the annual target (Figure 1) . Part of the problem with these estimates may be measurement issues. Song (2007) , for example, argues that the current measure of M2 in China may understate true money holdings, mainly because some deposit-like liabilities of deposittaking institutions are excluded. In addition, these estimates may fail to capture the impact of ongoing rapid development of China's capital markets (see Liang (2007) ). Therefore, a broader estimate of money demand could improve the establishment of monetary targets and forecasting of aggregate demand. This paper uses an error correction model (ECM) to examine the empirical relationship between broad money and a range of macroeconomic and financial determinants in China. Focus is on the constancy of this relationship, especially in light of recent changes in the financial system. The paper is organized as follows: Section II briefly describes recent financial developments; Section III presents estimation results for a single-equation ECM of money demand using general-to-specific modeling; and Section IV summarizes the main conclusions.
II. RECENT DEVELOPMENTS
Since China initiated the process of reform and opening up in the late 1970s, real GDP growth has averaged 9 percent a year, turning its economy into an important engine of global growth. In undertaking economic reform, China has adopted a gradual and orderly approach with an emphasis on stability, reflecting time needed to improve the breadth and quality of market infrastructure, including the legal and regulatory framework, accounting standards, professional expertise, and institutional capacity overseeing the financial sector. Among recent important changes to the financial system that might exert a major influence on money demand are interest rate liberalization, exchange rate reform, and capital markets development.
Interest rate liberalization
The overall reform strategy was set early on in the reform process-interest rates in the money and bond markets were liberalized first, followed by a gradual liberalization of interest rates on loans and deposits. For lending and deposit rates, reform measures were introduced on foreign currencies ahead of the domestic currency, on loans ahead of deposits, and on long-term and large-value loans and deposits ahead of short-term and small-value instruments (see Hu (2007) ).
Since 1996, the interbank market rate, the bond market rate, and the issuing rate on government bonds and policy financial bonds have been liberalized; 3 interest rates on foreign currency loans and large-value foreign currency deposits have been deregulated; and the floating band around the renminbi (RMB) lending rate has been widened gradually. In 2004, China introduced a floating central bank lending rate system and removed the ceiling on lending rates and floor on deposit rates of commercial banks. However, floor lending and ceiling deposit rates still exist. The Shanghai Interbank Offered Rate (SHIBOR), which was formally launched in January 2007, has since become the benchmark rate in the money market.
Reform of the exchange rate regime
Exchange rate reform has also moved ahead in recent years, with the foreign exchange market playing a larger role in establishing the renminbi (RMB) exchange rate. On July 21, 2005, the PBC announced that it would adopt a market-based managed floating exchange rate regime with reference to a basket of currencies, which has led to greater RMB flexibility. During the period July 2005-March 2008, the RMB appreciated by nearly 18 percent against the U.S. dollar and in real effective terms by around 14 percent (Figure 2 ).
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A number of other reforms have been initiated to give the market a bigger role in determining the RMB exchange rate. These measures include introducing a market-maker system and over-the-counter transactions in the interbank foreign exchange market; introducing forward and swap transactions; and widening the daily floating band of the RMB against the U.S. dollar in the interbank spot foreign exchange market. Inevitably, these changes have raised expectations of a further RMB appreciation, which may be affecting the currency composition of deposits and resulting in a greater willingness to hold RMB balances ( Figure 3 ). Since M2 statistics in China still do not include foreign currencies, the ongoing currency substitution would probably affect the size of M2. Commonly, the inclusion of the exchange rate in the money demand function can be justified by the fact that changes in the exchange rate alter the domestic value of foreign assets and therefore affect wealth. In addition, expected exchange rate changes can be seen as indicative of expected return on foreign monetary assets and therefore could influence the opportunity cost of holding domestic monetary assets (see Hanburger (1977) The capital markets offer a diversified investment channel for Chinese households and firms, which have likely altered factors influencing their money holdings. With the emergence and growth of capital markets, the range of investment products has expanded as expected. In addition, the means by which household wealth is managed is evolving rapidly. Wealth management services are proliferating, with the number of individual investor accounts increasing from fewer than 9 million in 1992 to nearly 138 million at end-2007.
III. A MODEL OF MONEY DEMAND IN CHINA
This section presents estimation results for a single-equation ECM of money demand using general-to-specific modeling. First, some earlier studies on China's money demand are reviewed. Second, integration and cointegration tests are run on a number of variables, and cointegration restrictions and the adjustment mechanism are examined within the Johansen framework. Third, in light of the cointegration results and weak exogeneity using Johansen's procedure, a parsimonious, conditional, single-equation ECM model for money demand is developed.
A. Earlier Studies
A number of previous studies have analyzed monetary conditions in China. They can be categorized into two distinct modeling approaches (see Austin et al., (2007) ), although most of these studies focus on the period before major economic reforms noted in the previous section were undertaken. Beginning with Chow (1987) , the first approach applies conventional models developed to estimate money demand in advanced economies (in addition, see Chen (1997) ; Deng and Liu (1999) ; Kutan (1993 and Huang (1994); and Yu and Tsui (2000) ). In contrast, the second approach has adapted these frameworks to the specific conditions of the Chinese economy (see Feltenstein and Farhadian (1987) , Feltenstein and Ha (1992) , Girardin (1996) , Ma (1993) , Qin (1994), and Yi (1993) ). Models have typically included extra variables to factor in different aspects of the transition process. For example, much of the work involving Feltenstein uses a constructed "true" price level owing to the inability of measured prices to reflect market conditions with partial price controls in effect. Yi (1993) adds monetization and inflation expectation variables into the money demand function, which enhanced significantly its explanatory power. Qin (1994) introduces two more factors in his money demand equation: (i) the ratio of the growth rates of total savings and loans to capture the special feature of a centrally planned economy; and (ii) a monetization index to approximate the transitional feature of China's economic reforms, whereas Girardin (1996) uses differences in size of state and nonstate industrial sectors to proxy institutional change.
These studies underscore several major points relevant to modeling and estimating the demand for money-mainly the choice of relevant variables and specification of the estimated model. Failure to provide due consideration to these issues has tended to yield poor results (see Sriram (2001) ). For the former, proper specification of opportunity cost variables has been shown in other studies to be the most important factor in getting meaningful results.
Regarding the latter, ECMs have been shown to perform well in providing a dynamic framework for estimating short-and long-run properties of money demand. In this paper, recent developments in computer-automated model selection help obtain a parsimonious, empirically constant, data-coherent ECM for broad money demand in China.
B. Model Specification
In a modern economy, money is conventionally held for at least two reasons: (i) as a means of smoothing differences between income and expenditure streams, and (ii) as one among several assets in a portfolio (see Ericsson and Sharma (1996) ). The standard theory of money demand posits:
where M is nominal money demand, P is the price level, Y is a scale variable for income or output, and R is a vector (in bold) of returns on various assets. The function f is increasing in Y, decreasing in those elements of R associated with assets excluded from M , and increasing in those elements of R for assets included in M . Commonly, (1) is also specified in loglinear form, albeit with the interest rates as levels.
In light of China's financial structure and data described later in this section, four assets are considered here: broad money, domestic goods, equity shares, and foreign currency. 
The coefficient μ 0 is an intercept, μ 1 the income elasticity, and μ 2 … μ 6 the semi-elasticities on the RMB deposit interest rate, foreign currency deposit interest rate, inflation rate, change of stock prices, and change in the exchange rate, with expected signs on the coefficients
C. Integration and Cointegration Tests
Initially, unit root tests are conducted on each right-hand side variable in equation (2). Subsequently, Johansen's maximum likelihood procedure is applied to test for cointegration among real money, real output, the RMB deposit rate, the U.S. dollar deposit rate, stock prices, the inflation rate, and the exchange rate. Using this framework, coefficient restrictions and the adjustment mechanisms are examined (see Ericsson et al. (1996 Ericsson et al. ( , 1998 Ericsson et al. ( , and 2007 ). Table 1 shows Augmented Dickey-Fuller (ADF) statistics for the main variables in our analysis. Using standard unit root tests, all variables appear to be integrated in either the first or second order, with
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Δ , e Δ , and s Δ as I(1) and p , e , s as I(2). For y , the statistical evidence is less conclusive. The estimated root for y Δ , however, is 0.19 (= 1 -0.81), which is much less than unity, suggesting that y is in fact I(1).
Cointegration
Cointegration analysis helps clarify the long-run relationships between integrated variables. Johansen's (1991) procedure is maximum likelihood for a finite-order vector autoregression (VAR), which is easily calculated for such systems and used here. Based on the data's statistical properties and the economic and historical context discussed in earlier sections, tests for cointegration are conducted among the I(1) variables,
Empirically, the lag order of the VAR is not known a priori, so testing for this may be fruitful to ensure reasonable power of the Johansen procedure. Beginning with a fourth-order VAR for
, and e Δ and including an intercept and seasonal dummies, it is statistically acceptable to simplify to a first-order VAR (see Table 2 ). The deviation from unity of the estimated largest root is in parentheses. It should be approximately zero if the series has a unit root.
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The lag length of the reported ADF regression is based on minimizing the Akaike Information Criterion, starting with a maximum of four lags. For each order of vector autoregressions, the number of unrestricted parameters k, the log-likelihood £, and the Schwarz criterion (SC) are reported. The SC in effect adjusts a measure of the model's goodness of fit (the log of the determinant of the estimated error covariance matrix) for the model's degree of parsimony. A smaller SC indicates a better-fitting model for a given number of parameters or a more parsimonious model for a given goodness of fit (see Ericsson and de Brouwer (1998) ).
Standard estimates using Johansen's procedure are derived and applied to this first-order VAR ( could reflect the significant impact in China that the return on real assets may have on money demand (since the inflation rate could be regarded as a proxy for a return on real assets given past interest rate caps and price controls).
The adjustment coefficients α in Table 3 measure the feedback effects of the (lagged) disequilibrium in the cointegrating relation for variables in the VAR. Specifically, -0.011 is the estimated feedback coefficient for the money equation. The negative coefficient implies that lagged excess holdings of money induce smaller holdings of current money, with the small numerical value implying slow adjustment to remaining disequilibriumapproximately 1.1 percent in the first quarter. The size of the estimated coefficient lies at the lower end for developed and developing countries: -0.26, -0.15, and -0.20 where found for the Netherlands, Germany, and France, respectively, and -0.12 and -0.08 for Argentina and Greece (see Taylor (1986) and Ericsson and Sharma (1996) ). The lower adjustment coefficient for China may reflect the lack of availability of alternative assets to M2 and a generally repressed financial system.
The remainder of Table 3 reports three types of statistics-one for testing the weak exogeneity of a given variable in the cointegrating vector, the second for the significance of a given variable in the cointegrating vector, and the third for the stationarity of a given variable. Each statistic tests the linear restrictions on α or β by direct application of Johansen and Juselius (1990) , and each is asymptotically chi-squared under the associated null hypothesis. appear to be very significant, suggesting their importance in the VAR. The final chi-squared test on the stationarity of a given variable is reported in Table 3 . Empirically, all the tests reject stationarity of these variables at a highly significant level. general-to-specific modeling. However, when the fourth-order ADL is transformed to its unrestricted ECM representation, many of the coefficients are both economically less relevant and statistically insignificant.
D. A Dynamic Model of Money Demand
The general-to-specific process of streamlining an initial unrestricted model follows either a "liberal strategy," which minimizes the non-deletion probability of relevant variables to keep as many variables that might matter as possible, or a "conservative strategy," which minimizes the non-deletion probability of irrelevant variables to avoid retaining them. In this paper, we use the former strategy. PcGets provides a natural path for the simplification of the ADL to a highly parsimonious, economically interpretable, and statistically acceptable ECM in equation (5) 
E. The Model's Properties
This section considers the economic interpretation and statistical properties of the ECM in equation (5). In the first section, we consider the short-and long-run properties of the model. The second section discusses the model's statistical properties.
Short-and long-run properties
Both short-and long-run properties can be derived from equation (5). The coefficient on the error correction terms are highly significant statistically, establishing that a long-run (cointegrating) relationship exists between real money, real output, both RMB and foreign currency deposit interest rates, and inflation. The size of the coefficients suggests the adjustment to equilibrium via the error correction term is slow. Several variables are found to affect growth in real money demand. Foremost, the previous quarter's real GDP growth has a positive effect. However, the coefficients on RMB and foreign currency deposit rates are very small, suggesting money demand is less sensitive to changes in interest rates. Inflation and its different lags have a mixed impact on money demand, but with current inflation having a significantly negative effect. The changes in exchange rates do not enter our final 
The signs of the coefficients in equation (6) satisfy those typically found in a money demand equation. In such a steady state, real money demand depends positively on the output and negatively on foreign deposit interest rate and the inflation rate. Interestingly, it is the U.S. dollar rather than the RMB interest rate that enters the long-run function, although the coefficient is very small. The fact that ceilings still exist on RMB deposit rates may mean they play a less effective role in terms of influencing money holdings.
Other steady-state solutions can also be derived. For example, if money and output are assumed to grow at the same rate ( ) ( p m − Δ = y Δ ≡ g), the dynamic equilibrium solution is:
is the annualized GDP growth rate. Equations (3), (4), and (6), and equally (7), present estimates of the long-run money demand relation under somewhat different assumptions. Equation (3) does not assume weak exogeneity, but (4) and (6) do, with the latter also reflecting a valid simplification from Table 3 . The estimates of the long-run solution in equation (6) from ECM are also numerically close to the system estimates of cointegrating vector in equation (3), as are the single-equation estimates in equation (4) from the unrestricted ADL.
Statistical properties of the model
In order to test the influence of major changes to the financial system on money demand, we further examine the statistical properties of equation (5). Results are presented in Appendix III, including actual and fitted values and residual and recursive analyses. In addition, we assess the constancy of the model using ex post forecasts. From this, we find that the estimated model of money demand seems to have sensible statistical properties over the period 1994Q1-2008Q1, suggesting its empirical constancy holds in the face of interest rate liberalization, exchange rate reforms, and capital market development.
IV. CONCLUSION
Despite the recent changes in China's financial system, this paper confirms that a stable broad money demand function exists when taking proper account of asset substitution and using appropriate econometric techniques. Strong evidence is found supporting the hypothesis of a stable long-run relationship between real money and real GDP, with an estimated income elasticity of less than unity. Current inflation has a significantly negative impact on the money demand. However, the impact of RMB and foreign deposit interest rates on money demand are relatively small, which may reflect the fact that some caps on deposit rates still exist. Expectations of an RMB appreciation since 2005 appear to induce slightly more money demand in our model. However, stock prices do not enter our short-and long-run models. reflecting the underdevelopment nature of the capital markets and strong incentives to hold money for the cautionary purposes during the economic and social transition in China.
Even so, the fundamental changes currently underway in China's financial system are likely to alter the structure of the money demand function and, as a consequence, further complicate the conduct of the monetary policy. With further interest rate liberalization, movement to a more flexible exchange rate regime, and development of capital markets, factors influencing money demand are likely to change over time. The greater availability of alternative assets, either domestic or overseas-in the latter case through ongoing liberalization of capital flows, and efficiency gains in the financial system could have a positive effect on money demand. Better understanding of the nature and trend of the money demand will be key to formulating and implementing monetary policy successfully under a proper policy framework.
Appendix I: Data Definitions
This section describes the data used and their basic properties.
12 The data series used are shown in the table below. Quarterly data are compiled for the period 1994Q1-2008Q1. The series are not seasonally adjusted because such pre-filtering may affect short-term dynamics. Rather, seasonality is captured explicitly in estimating the model by including seasonal dummies in the set of regressors. Data are plotted to consider their properties for empirical modeling. In Figure 6 , Panel ( The spectral density (Panel (b)) is a weighted sum of the autocorrelations, which decomposes the series into components with different frequencies and amplitudes. In PcGets, it is symmetric around 0 and plotted over [0, π] (the horizontal axis is scaled by π, reported as [0, 1]). A white-noise series has a 'flat' spectrum, so we see residual autocorrelation is not apparent here.
Series
The histogram (Panel (c)) is shown with a non-parametric interpolated density estimate and a matching normal distribution. Finally, the QQ plot (Panel (d)) shows the transformed cumulative distribution of the sample residuals, with the departure from the normal (straight) line in the upper tail consistent with the presence of outliers.
Recursive analysis
Parameter constancy is a critical issue for the money demand equation. Recursive least squares and the associated sequences of test statistics provide incisive tools for investigating constancy, with graphs used to summarize the large volume of output (see Hendry and Krolzig (2001) ). 
